InTroduCTIon
Simple obesity is becoming an epidemic health problem that will increase the occurrence of other diseases. Too much fat accumulation in the body is an important manifestation of people with obesity, resulting in the body mass index (BMI) value exceeding the normal level. Over the past few decades, obesity has been thought to be the result of an imbalance between the intake and expenditure of a high-calorie diet. From an evolutionary perspective, the current widespread obesity is mainly caused by sedentary lifestyle, coupled with a high-calorie diet. 1 The survey demonstrated that the world's mean BMI increased by >55% from 1985 to 2017. 2 Despite decades of efforts to slow down the progress of the epidemic, 39% of the world's people are obese or overweight at the present time. 2 The main problem is that obesity is not limited to a certain period of age or to one group of people, but it is common among people of all ages and ethnic groups, leading to an increase of other diseases such as cardiovascular disease, hypertension, osteoarthritis, type 2 diabetes and dyslipidaemia. [3] [4] [5] [6] The diagnosis of obesity depends on the level of BMI. According to WHO's definition, a BMI over 25 kg/m 2 is taken as overweight and a BMI over 30 kg/m 2 as obese. 7 In addition, WHO considered the physique of the population in the Asia-Pacific region and agreed to define a BMI exceeding 23 kg/m 2 as overweight and a BMI over 25 kg/m 2 as obese. As obesity is a health problem worldwide, there is an increasingly global awareness of the need for effective strategies to prevent and control obesity. Therapeutic strategies for counteracting excess body weight (BW) include dieting, changes of lifestyle, exercise and antiobesity medications. Numerous people with obesity cannot achieve weight loss just through dieting and increasing physical exercise. Although medications such as orlistat and lorcaserin are effective and popular, there exists various limitations due to security reason. 8 Surgery is also available but it has strict indications and poor patient compliance, that is why surgical treatment cannot be widely used in clinic. 9 Obesity is closely related to our health and it is necessary to seek effective preventive measures to reduce the occurrence of related diseases at the initial stage in the future. Acupuncture, as a part of traditional Chinese medicine (TCM), is widely used in clinical practice because it is economical, easy and safe. [10] [11] [12] [13] The occurrence of obesity is related to neuroendocrine disorder. The mechanisms of acupuncture in the treatment of obesity might inhibit hyperorexia, regulate the activity of catecholamine neurotransmitter, the 5-hydroxy-tryptamine and ATPase activity in the lateral hypothalamic area (LHA) and reduce the excitation of LHA. 14 15 Widespread use of acupuncture for the treatment of obesity has been reported by a large number of studies. Their results indicated that acupuncture might have the potential to treat obesity, [16] [17] [18] but there are other reports demonstrating that on February 27, 2020 by guest. Protected by copyright. review acupuncture is just a placebo effect in clinic. 19 20 It is of great significance to objectively analyse those results to evaluate the efficacy of acupuncture in obesity treatment. There are also systematic reviews of acupuncture treatment for obesity, which included acupuncture combined with other methods to treat obesity. The results of these reviews cannot evaluate the effect of acupuncture alone. In order to better analyse the effect of acupuncture on obesity and explore whether acupuncture is just a placebo effect, this study performed acupuncture versus sham acupuncture for simple obesity treatment and excluded acupuncture combined with other methods including diet, exercise and medication. We aim to systematically summarise and evaluate the effect of acupuncture therapy on patients with obesity.
MATerIAls And MeThods
The study has been registered in PROSPERO (registration number PROSPERO CRD42019129825), it was based on the guidelines of Preferred Reporting Items for Systematic Reviews and Meta Analyses. 21
search strategy
To appraise the efficacy of acupuncture for the treatment of simple obesity, four English databases (EMBASE, PubMed, Cochrane Central Register of Controlled Trials and Web of Science) and four Chinese databases (China National Knowledge Infrastructure, Chinese Scientific Journal Database, Chinese BioMedical Database and Wan-Fang Data) were searched. The study collected randomised controlled trials (RCTs) published from inception to August 2019 without restriction on form and language. We combined the method of Medical Subject Headings term and free words by applying the following terms from English databases: obesity, fat, overweight, acupuncture, electro acupuncture, laser acupuncture auricular acupuncture and needle. Items searched from Chinese databases were Zhen Ci (means acupuncture in Chinese) and Fei Pang (means obesity in Chinese). We also scanned the relevant published references carefully to identify further publications. When there were questions related to the results of the study or the trial design, corresponding authors would be contacted to confirm the information that we extracted from their studies or to eliminate any ambiguity.
Inclusion criteria
Articles selected should be about RCTs that compared acupuncture with control group (sham acupuncture, placebo acupuncture or no treatment) to assess the efficacy of acupuncture treatment on obesity. Quasi-randomised, comments, case reports, technical reports, animal studies, self-control studies or non-RCTs were excluded. There was no language restriction on studies selection. All participants were aged over 18 years and were diagnosed with simple obesity (primary, not secondary to other diseases) irrespective of gender. All appropriate definitions of obesity based on BMI that exceeds the normal level were accepted. Pregnancy, patients with serious medical conditions and secondary obesity such as polycystic drug-induced obesity, ovarian syndrome and anterior hypopituitarism were excluded. There was no restriction on race.
The forms of acupuncture therapy included electroacupuncture (EA), body acupuncture, laser acupuncture, classical acupuncture, auricular acupuncture and auricular acupressure. Types of control interventions included sham acupuncture, placebo acupuncture ((1) use acupuncture to insert into skin without penetrating the exact acupoints; (2) use acupuncture to insert into an area where it is near the exact acupoints) and no treatment.
exclusion criteria
The following situations were excluded: (1) the reported data were not sufficient to support the results (eg, less number of participants, the means and the SD); (2) the data were duplicate or unextracted; (3) the full text of the article could not be obtained. Studies that combined acupuncture with other therapies such as diet, moxibustion, exercise, medication or message were excluded. Studies with lifestyle intervention such as diet changes and exercise were also excluded, because the aim of this review was to assess the effects of acupuncture treatment alone on obesity.
outcome measures
The primary outcome included BMI reduction. The secondary outcome was the reduction of waist circumference (WC), BW, waist-to-hip ratio (WHR) and body fat mass percentage.
data extraction
All articles retrieved were imported into endnoteX8 to remove the duplicate studies. The two authors (Y-NS and W-TL) independently scanned the title and the abstract of every record to exclude irrelevant articles. The full text of the qualified articles was investigated and then the authors selected articles that met the inclusion criteria. Every discrepancy was solved by team discussion or consultation with the third reviewer (YC).
Based on the Cochrane Handbook trial data extraction form, the two investigators (Y-NS and W-TL) separately extracted the following data: (1) general information (first author, the year of publication, country, the journal name and so on);
(2) participants (the number of participants, gender, age and so on); (3) interventions (type of acupuncture, duration of treatment, study period, acupoints and so on) and comparison interventions (type of treatment, duration, period and so on); (4) outcomes (BMI, BW, WHR, WC and body fat mass percentage) and adverse reactions of the included studies. When there were disagreements between the two reviewers in the process of data extraction, the third author (YC) was consulted to solve the discrepancy. If the data were incomplete, we would contact the first author or the corresponding author (H-YZ).
Quality assessment
The Cochrane Handbook V.5.3.0 was used to assess the risk of bias of the included RCTs. 22 The tool included seven items: generation of a random sequence, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, completeness of outcome data, selective of reports and other biases. For each item, the risk of bias for study was rated according to three categories: low risk of bias, high risk of bias or unclear risk of bias. Two reviewers (Y-NS and W-TL) independently assessed the risk of bias of the studies.
statistical analysis
We employed mean difference (MD) with 95% CI to calculate treatment effects of outcomes. I 2 was used to assess the statistical heterogeneity among trials. I 2 >50% indicates that the evidence was heterogeneous, while I 2 <50% would be taken as the combined results of no heterogeneity. If p>0.1 and I 2 <50%, the fixed effects model would be applied. A random on Eight hundred fifteen articles were searched through literature retrieval (472 in English and 343 in Chinese) and 156 duplicate articles were removed. We excluded 437 irrelevant articles (including intervention not using acupuncture alone, inappropriate comparison between two groups, basic treatment involves diet and exercise) by scanning the title and abstract. After reading the full text, a total of eight studies meeting the inclusion criteria were obtained. The selection process is summarised in figure 1. Table 1 presents the characteristics of the eight RCTs which include three studies conducted in China, two in Korea, two in Taiwan and one in Turkey. [24] [25] [26] [27] [28] [29] [30] [31] A total of 403 patients participated in the studies (229 in the treatment groups and 174 in the control group). Among these studies, there were four records 25-27 31 reporting the effect of auricular acupuncture, three [28] [29] [30] records reporting the effect of EA and one 24 record reporting the effect of body acupuncture. The duration of treatment was from 2 to 8 weeks. Three studies reported the adverse events. The study by Zhang et al 29 
study characteristics

Figure 5
Pooled estimates of waist-to-hip ratio decrements after acupuncture treatment.
RCTs provided complete outcome data and seven 24-29 31 had a low risk of bias in other bias.
synthesis of results
Body mass index
Eight studies reported the reduction in BMI after acupuncture treatment. The high heterogeneity was detected (I 2 =85%, p<0.1), so the random effects model was used to analysis. The results indicated that there was significant difference in BMI reduction between acupuncture and sham acupuncture (MD=1.0 kg/m 2 , 95% CI=0.60 to 1.40, p<0.01). The sensitivity of the eight RCTs was assessed and the results showed that the combined statistical data were still significant and the forest plots had not changed, which indicated that the merged results of meta-analysis were effective. Subgroup analyses were performed based on different acupuncture therapies. The results showed that auricular acupuncture, EA and body acupuncture significantly reduced BMI compared with control group (MD=0.50 kg/m 2 , 95% CI=0.16 to 0.84; MD=1.47 kg/m 2 , 95% CI=1.07 to 1.88; MD=1.52 kg/m 2 , 95% CI=0.42 to 2.61; MD=1.97 kg/m 2 , 95% CI=1.19 to 2.75) ( figure 3 ). The included studies were <10, the publication bias was not carried out.
Body weight
A total of six records 24-27 30 31 reported the decrease of BW. Because of the significant heterogeneity among studies (I 2 =89.0%, p<0.1), the random effects model was applied to analyse the BW reduction in obesity (MD=1.85 kg, 95% CI=0.82 to 2.88, p<0.001). Subgroup analyses were used to further explore the effects of different acupuncture on BW. Forest plots indicated that auricular acupuncture, EA and body acupuncture reduced BW compared with control group (MD=0.98 kg, 95% CI=0.10 to 1.86, p=0.03; MD=3.78 kg, 95% CI=2.66 to 4.90, p<0.001; MD=3.00 kg, 95% CI=1.51 to 4.49, p<0.001; MD=2.90 kg, 95% CI=2.39 to 3.41, p<0.001, respectively) ( figure 4) .
Waist-to-hip ratio
Of the eight records, four records [26] [27] [28] [29] showed that acupuncture did not reduce WHR at all compared with control group (MD=0.01, 95% CI=0 to 0.03, p>0.05). There was significant heterogeneity among studies (I 2 =53%, p<0.1), so the random effects model was used to analyse the WHR. Subgroup analyses showed that auricular acupuncture, EA, acupuncture did not improve the WHR compared with control group (MD=0.01, 95% CI=0 to 0.03, p>0.05; MD=0.03, 95% CI=−0.03 to 0.09, p>0.05; MD=0.06, 95% CI=−0.07 to 0.19, p>0.05) ( figure 5 ).
Waist circumference
Three included RCTs 25 27 31 compared changes in WC between auricular acupuncture and sham auricular acupuncture. The results were homogeneous, so the fixed effects model was used (I 2 =42%, p>0.1). Forest plots showed that there were statistically significant differences in WC between the acupuncture treatment and control group (MD=0.97 cm, 95% CI=0.24 to 1.71, p=0.01) ( figure 6 ).
body fat mass percentage
Three RCTs 26 29 31 compared acupuncture treatment with sham acupuncture regarding body fat mass percentage reduction. The results were homogeneous (I 2 =0%, p>0.5) and had a statistical reduction in obesity (MD=1.01, 95% CI=0.25 to 1.77, p<0.05). Subgroup analyses showed that auricular acupuncture and acupuncture had no advantage in body fat mass percentage reduction compared with control group (MD=0.92, 95% CI=−0.19 to 2.03, p>0.05; MD=0.78, 95% CI=−0.40 to 1.96, p>0.05), whereas EA performed better compared with sham EA (MD=2.20, 95% CI=−0.01 to 4.41, p=0.05) ( figure 7) .
The effect of acupuncture on obesity in different countries and regions
Subgroup analyses were also used to estimate the effect of acupuncture in different countries or regions. The results indicated that BMI was decremented after acupuncture treatment in China, Korea, Taiwan and Turkey (MD=1 kg/m 2 , 95% CI=0.60 to 1.40, p<0.001) ( figure 8 ). The article also analysed the effect of acupuncture on total cholesterol, triglyceride, on high-density lipoprotein and low-density lipoprotein and the results can be seen in the online supplementary figure 1.
dIsCussIon
Obesity is a risk factor for many chronic diseases such as dyslipidaemia, cardiovascular disease and diabetes. 32 33 It can reduce people's quality of life and damage their physical and mental health. Thus, it is particularly important to stop the occurrence of obesity. There is a large number of studies reported that dieting, exercise, weight loss drug, surgery have efficacy on weight loss. [34] [35] [36] But the treatments mentioned above have more or less limitations, such as the patient's poor persistence of exercise, the uncertain factors referring to the safety of medication and the limited surgery accommodators. As a result, many people are not satisfied with these methods and they tend to use alternative and complementary therapies such as acupuncture to treat obesity. In recent years, it has been reported that acupuncture is an effective method in improving BMI, BW and WC of patients with obesity. 16 37 Previous systematic reviews indicated that acupuncture is a safe therapy for patients suffering from hypertension, primary dysmenorrhoea and even patients who take newer oral anticoagulants. [37] [38] [39] [40] But the effectiveness of acupuncture for obesity is controversial due to its lack of medical evidence, and some studies reported that acupuncture may be a placebo effect. 41 42 Until now, there is no systematic review of acupuncture (without combining diet or exercise) versus sham acupuncture on the treatment of obesity. In order to further explore whether acupuncture is an effective therapy for obesity, the present study excluded measures including acupuncture combined with dieting, exercise and other treatments compared with the previous meta-analysis. 43 44 Here, we selected 8 RCTs including 403 patients suffering from obesity to evaluate the efficacy of acupuncture. Metaanalysis results showed that the reduction level in BMI before and after treatment in the acupuncture group was obviously higher than that of the control group (p<0.001). Subgroup analysis indicated that auricular acupuncture, EA and body acupuncture were effective in reducing BMI of patients with obesity (p<0.05). The forest plot also showed that acupuncture can significantly improve BW, WC and body fat mass percentage compared with sham acupuncture or no treatment (p<0.05). However, acupuncture had no obvious advantage over sham acupuncture (or no treatment) in improving WHR (p>0.05). Compared with the control group, the improvement of BW after acupuncture treatment was more obvious, which was manifested by the fact that the mean value of weight loss before and after acupuncture in the treatment group was mainly at 3-5, while the figure of the control group was mainly at 0.1-0.5.
BMI is a more important indicator because it is used to identify obesity and overweight and to analysis the risk of cardiovascular disease, diabetes and other conditions. 33 The results of our review and analysis are clinically important because they support the possibility that acupuncture contributes to weight loss. What we want to point out is that although acupuncture is used to treat a variety of health problems, its clinical role in obesity management has not been systematically evaluated. The present review reveals that acupuncture is effective in the treatment of obesity, and it is not a placebo effect when comparing with sham acupuncture. Of the eight included studies, four were auricular acupuncture, three were EA and one was body acupuncture. The acupoints of auricular acupuncture therapy are relatively unified, and most of them are shenmen point, stomach point, hunger point and endocrine point. However, the acupoints of EA and body acupuncture are more complicated. In later studies, the selection of acupoints should be unified to reduce clinical heterogeneity.
The forest plot of subgroup analysis was used to explore the effects of auricular acupuncture, EA and body acupuncture in different countries or regions. The results showed that acupuncture significantly reduced BMI compared with sham acupuncture in China, Korea, Taiwan and Turkey. Obesity is a major threat to global health. Acupuncture, as a part of TCM, is more widely used in Asian countries, especially in China, Korea and Japan. There may also be some differences in the effect of acupuncture treatment due to ethnic differences. Clinical studies limited to Asian countries may not be adequately representative. Therefore, the follow-up clinical studies involving more countries and regions should be conducted to better evaluate the therapeutic effects of acupuncture.
The duration of treatment in studies is short, ranging from 2 to 8 weeks. It is worth noting that obesity is a chronic health problem that may require longer periods of acupuncture treatment. However, most studies ignore the long-term effects of acupuncture treatment, which might increase attrition bias. In addition, the weight of people with obesity may fluctuate irrespective of whether they receive treatment or not. So there should be a longer follow-up period, and the results should be on ► The effect of acupuncture on obesity is controversial due to its lack of medical proof and may be a placebo effect. ► This study would be the first study of meta-analysis that compared the acupuncture with sham acupuncture in the treatment of simple obesity. ► The results of this study suggest that acupuncture is effective in the treatment of simple obesity.
Current research questions
► Whether acupuncture is effective rather than a placebo effect for simple obesity treatment when compared with sham acupuncture? ► Whether acupuncture can be used as a treatment for simple obesity? ► The inadequate implementation of the blind method may be the main deficiency of the methodological quality of the study.
Key references
1. Lowe continuously measured to determine the true effect of acupuncture and its long-term efficacy. This meta-analysis has some limitations. First, obesity is a global phenomenon, but the studies we included are all from Asian countries or regions, which may not be representative. Second, the different forms of acupuncture (auricular acupuncture, EA and body acupuncture), acupoints and duration of treatment increased the heterogeneity. Third, many of the studies included were of low quality and lacked sufficient levels of blindness. Although blinding of the therapist would be difficult, blinding of participants and outcome assessment should be conducted to minimise the performance and evaluation bias of the trials. Fourth, the number of samples in each trial is small, which might lead to the insufficient sample size for analysis and test efficacy. Therefore, further studies with a larger sample size are required to verify our results.
The results of this meta-analysis demonstrated that acupuncture could improve BMI, BW and WC, suggesting that acupuncture is effective compared with sham acupuncture for the treatment of obesity. However, due to the small number of included studies and limited sample size, our conclusions remain to be confirmed by further high-quality RCTs.
